The flexural strength of bonded acrylic is tested as a function of panel alignment and bond surface finish. Bond strength was shown to be highly dependent on both parameters with only a narrow range of values yielding a high strength bond.
Introduction
This report is one in a series which describe tests designed to evaluate the envelope of bond joints that will be acceptable in construction of the heavy water containing acrylic vessel for the Sudbury Neutrino Observatory (SNO) detector. In this report we address two questions: 1) what is the effect of misalignment and mismatched thickness on the strength of two sheets being bonded together, and 2) for a given bond, how much finish work (and in some cases repair work) is needed to meet minimum criteria for the bond strength in the final acrylic vessel for SNO.
A portion of this bond envelope was mapped out in a previous report, (Subtypes: 7, 2, 3, 4) with differences in how the bond surface finishing was done. The various "types" and "subtypes" are listed in Table 1 with cross sections of different bond joints shown in Figure 1 . The only common joint parameter between all samples was the use of a 1/8" initial thickness bond joint that we determined to be optimal in a previous study (see These subpanels were then further subdivided using a band saw into pieces measuring approximately 1" wide, 20" long, and 1" thick.
At this point the sides were finished using a milling machine to get a good machined edge free of surface scratches. A carbide milling tool was used with cuts limited to 0.1" and finish cuts kept below 0.01". Only water was used as a lubricant. The top and bottom surfaces -now prepared according to the procedures listed in Table 1 were not disturbed.
Sample testing
The specimens were tested in accordance with ASTM specifications D790-86. test method II. to determine the flexural strength of the bond joints.
The testing was done at the University of New Mexico on a 20,000 Ibs capacity Instron testing machine. A special four-point loading fixture was designed and fabricated to satisfy the ASTM testing specifications. A photograph of this fixture with a simulated specimen in place is shown in Figure 2a and a schematic is shown in Figure 2b . The cylindrical loading noses have a rotational degree of freedom to minimze any torsion introduced in the specimen from non-parallel surfaces on the specimen. This equation is from mechanics of material and is based upon the assumption that the material is linear to fracture.
Prior to testing, measurements of b and d were made. The depth was measured on each side of the bond joint, and the width was measured near the center. In reducing the data, the average of the two depth measurements was used for beams fabricated to have the same depth at each end. For beams having one end which was only 0.75" deep by design, the depth used in the data reduction was for a 1" nominal end. This procedure was used to obtain an "effective" strength of the material/joint configuration, i.e. a numerical value which could be meaningfully compared to strength values for specimens which were 1" thick on both ends. Stated differently, the goal was to compare the flexural strength for each sample to that of an idealized joint that has the full cross sectional area. Thus. even though the actual flexural strength of the material (or bond) may be similar in all specimens, the effective strength in specimens which have been routed to reduced thickness would be substantially less and endanger the integrity of the acrylic vessel. Our cross sectional measurements had the sole purpose of making minor corrections between parent material dimensions, but not to correct for changes in bond dimensions. A Type BType CType DType 
